A new enzyme, fructosyl-amino acid oxidase (fructosyl-a-L-amino acid: oxygen oxidoreductase (defruetosviating)) was found, which decomposes Amadori rearrangement compounds of a-i -amino acids to the corresponding a-ketoaldehydes and a-L-amino acids. The enzymewas purified from a strain of Corynebacterium sp. about 38.9-fold to a single protein band with an overall yield of 35 % from the crude extract, and crystallized in rhombic plates. The molecular weight of the enzymewas about 88,000 on gel filtration and 44,000 on SDS-polyacrylamide gel electrophoresis. Non-covalently bound FADwas the prosthetic group. Its isoelectric point was pH 4.6. The optimum pH of the enzyme reaction in potassium phosphate buffer was about 8.3. Fructosyl-a-L-amino acid was the substrate having the highest susceptibility to the enzyme, but /V-fructosyl derivatives of other materials, such as /J-amino acids, L-imino acids, D-amino acids, alkyl amines, and ammonia, showed almost no susceptibility.
susceptibility.
The apparent Kmvalues for fructosyl-glycine and fructosyl-phenylalanine were 0.74 mM and 0.71 mM, respectively.
The enzyme was inhibited by Hg2+ and Pb2+.
The Maillard reaction had been studied for a long time as an aspect offood chemistry.1~3) Recently, it came to be known that the reaction proceeds non-enzymatically even in living bodies. Accordingly, it is regarded from the biochemical viewpoint. Amadori rearrangement products are formed at an early stage of the Maillard reaction by appending a reducing sugar to the amino residue of proteins or nucleic acids. 4'5) The total amount of the reaction products accumulatedin various living tissues seems to be a good indicator of tissue age or the condition of diabetic patients. 6~8) In a living body, fructosyl-serotonin is slowly cleaved9) and macrophages attack erythrocytes that had been treated with highly concentrated reducing sugar.10) But certain metabolic reactions in the matter of living bodies are not known. Fructosyl-phenylalanine fed to rats maybe disrupted by intestinal microorganisms,11} but the details are not clear.
Recently, we obtained a microorganism from soil which was grown with fructosylglycine as the sole carbon and nitrogen source, 103 and we studied the catabolic pathways in this bacterium. As the result, we found a new metabolic enzyme reaction catalyzing by fructosyl-amino acid oxidase which decomposes fructosyl-glycine to glucosone and glycine concomitant with consuming oxygen and forming hydrogen peroxide in equal quantities. This paper describes the purification and some properties of the fructosyl-amino acid oxidase. This is the first report of an enzyme catabolizing Amadori rearrangement products.
Materials and Methods

Materials.
Phenyl-Sepharose CL-4B, DEAE-Sephadex (6% to 0%) and gradient of ethylene glycol (0% to 30%). The active fractions were noncentrated to 40 ml by ultra filtration (Diaflo membrane PM-10; Amicon, Danvers, MA, U.S.A.). The enzymesolution was dialyzed against Buffer A containing 0.2m NaCl, and then put on a DEAESephadex A-50 column (4 x 30 cm) previously equilibrated with the buffer used on the dialyzation. The enzyme was eluted by a linear gradient of concentration of NaCl from 0.2 to 0.5m in Buffer A (51). The active fractions were concentrated to 20 ml by ultra filtration, and then dialyzed against Buffer A containing 0.1m NaCl. A part of the enzyme solution (1 ml) was put on a Sephadex G-200 column (1.8 x 100cm) previously equilibrated with Buffer A containing 0.1 MNaCl. The gel filtration was done with the buffer at the flow rate of 19.5ml per hour. The active fractions were combined and concentrated by ultra filtration. For crystallization, the enzymesolution wasdialyzed against Buffer A containing 2 m ammoniumsulfate.
Results and Discussion
Enzyme purification and the homogeneity A typical purification is summarized in Table I . The enzyme was purified about 38.9-fold from the original crude enzyme extract with an overall yield of 35%. After standing at 5°C for 3 days, rhombic plate crystals were observed in the concentrated enzymesolution (Fig. 1) . When the enzyme preparation was analyzed by polyacrylamide gel electrophoresis, a single band of protein was observed in both native (data not shown) and denatured states (Fig. 2) . The specific activity of the final preparation was 5.37 U/mgprotein under the enzymeassay conditions. Fig. 1 . Crystals of the Fructosyl-amino Acid Oxidase.
Molecular weight
The molecular weitht of the oxidase was about 88,000 by gel filtration on a Sephadex G-200 column (Fig. 3) . SDS-polyacrylamide gel electrophoresis gave a monomericmolecular weight of 44,000 (Fig. 2) . Thus, the enzyme may have two equimolar subunits with a molecular weight of 44,000.
Isoelectric point
The enzyme activity was found as a single peak on polyacrylamide gel isoelectric focusing. The isoelectric point of the enzyme was pH 4.6.
Fig. 2. SDS-polyacrylamide Gel Electrophoresis of the Purified Fructosyl-amino Acid Oxidase.
The standard proteins used were (1) a2-macroglobulin, (2) bovine serum albumin, (3) glutamate dehydrogenase, (4) hen egg albumin, (5) lactate dehydrogenase, and (6) trypsin inhibitor. 
Prosthetic group
The ultraviolet and visible spectra of the enzyme are shown in Fig. 4 . Absorption peaks were found at 272nm, 378nm, and 442nm and a shoulder was observed at about 465 nm. The two peaks in the visible region disappeared Closed circles, isolated flavin (6.7 /im); open circles, FAD (6.5^m); triangles, FMN (6.6/jm).
upon an addition of fructosyl-glycine.
A yellow fragment was isolated from the enzyme protein as described in the text and the absorption spectrum was measured (inset of Fig. 4) . and the value of 44,000 for the subunit molecular weight were used in this calculation. 1 07 Effects of pH on the enzyme activity The enzymeactivity was assayed at various pH values of several kinds of buffer. As shown at Fig. 6 , the maximumactivity was found at about pH 8.3 of potassium phosphate buffer and potassium dihydrogen phosphate-sodium carbonate buffer. In a few other kinds of buffer, the enzyme was slightly deflected in its maximumactivity to the alkaline side to different degrees. On the alkaline side of their maximum,the enzyme activities coincided with one another. But on the acidic side, it seemed that those buffers were inhibitory to the enzyme reaction with individual strengths. The cause of this interesting phenomenon was not identified.
Stab ility
The enzymewas most stable at pHs between 7.5 and 9.5. Whenthe enzyme was heated at 40°C for lOmin, complete loss of activity was observed at not only the higher pH than ll.5 but also those lower than 6.0. Whenthe enzyme present in 0.1 m potassium phosphate buffer, pH 8.0, was heated at various temperatures for lO min, the enzymeactivity remained at the original level at about 35°C and below, but decreased to 80% at 40°C and was nearly lost at about 45°C. 
Identification of enzyme reaction products
A reaction mixture containing 50mg of fructosyl-glycine, 2,500U of catalase, and 19 .8U of the enzyme in 5ml of 0.01m potassium phosphate buffer, pH 7.5, was incubated at 30°C for 2hr with continuous stirring.
The resultant mixture was analyzed by HPLC on a Lichrosorb NH2 column (4x250mm; Merck Japan) at 30°C with a solvent system of 25%potassium phosphate buffer (0.01 m), pH 6.0, in acetonitrile. The effluent fractions were monitored with a differential refractometer (Shodex RI SE-1 1; Showa Denko, Tokyo). Glycine and glucosone were the products formed by the enzymereaction. They were confirmed by TLC (microrystalline Tagatosyl mM, and maximal velocities (Kmax) were calculated to be 8.78s"1 and 14.9s"1, respectively.
Effects of chemical reagents and metal ions
The effects of various metal ions, metalchelating reagents and sulfhydryl-groupblocking reagents on the enzymeactivity were examined. A mixture, containing 0.034 units of the enzyme and 6/miol of metal ions or inhibitors (PCMB 0.6/imol) in 3ml of 0.1m Tris-HCl buffer, pH 8.0, was incubated at 37°C for 5 min. Then the enzyme reaction was started by the addition of 18/imol fructosylglycine and the oxygen consumption was measured. As shown in Table IV , metal ions such as Ca2+, Mg2+, and Ba2+ did not inhibit or activate the enzyme at 2mM concentration. The enzyme was also insensitive to metalchelating agents such as EDTA, a,a'-dipyridyl, and o-phenanthroline and sulfhydryl-groupblocking agents such as />-chloromercuribenzoate, N-ethylmaleimide, and iodoacetamide.
However, it was strongly inhibited by Hg2+, Pb2+, and SDS, and weakly so by metal ions such as Cd2+, Ni2+, Zn2+, and Mn2+.
